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Results and Conclusions Using a Nonlinear Simulation
The initial mixer gains were implemented in a sixdegree-of-freedom simulation. During initial testing of the reconfigured mixer gains, some rate limiting and position saturation of the actuators were observed. The gains were determined to be too large because of differences between the linear models and the nonlinear simulation.
Using empirical methods, the gains were reduced, which resulted in very good six-degree-offreedom results. fig. 8(b) ). Figure  8( A reconfigurable control law for the full X-33 flight envelope has been designed to accommodate a failed control surface and redistribute the control effort among the remaining working surfaces to retain satisfactory stability and performance. An offline nonlinear constrained optimization approach has been used for the X-33 reconfigurable control design method. Using a nonlinear, six-degree-of-freedom simulation, three example failures are evaluated: ascent with a left body flap jammed at maximum deflection; entry with a right inboard elevon jammed at maximum deflection; and landing with a left rudder jammed at maximum deflection. Failure detection and identification are accomplished in the actuator controller. Failure response comparisons between the nominal control mixer and the reconfigurable control subsystem (mixer) show the benefits of reconfiguration. Single aerosurface jamming failures are considered. The cases evaluated are representative of the study conducted to prove the adequate and safe performance of the reconfigurable control mixer throughout the full flight envelope. The X-33 flight control system incorporates reconfigurable flight control in the existing baseline system. 
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